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INTRODUCTION |

Taxol has proven to be a valuable addition to the chemotherapeutic

regimens that can be offered to breast cancer patients; however, as with ”

other drugs, evidence for resistance to Taxol has emerged. Among these
-resistance mechanisms is the P-gpl70 membrane-associated drug-efflux
pump, for which the active agent, paclitaxel, is a substrate, and over-
-expression of the oncogene,” HER-2/neu. Both of these resistance

mechanisms are widely associated - with breast cancer. Strategies to -

address Taxol-resistance include its combination with other
chemotherapeutic agents -and dose-intensification. However, in recent
randomized clinical trials, the latter has proven to be largely ineffective,
with little meaningful clinical benefit at the price of severe toxicities.
Therefore, new agents and strategies are wurgently needed to address
Taxol-resistant breast -cancer. ‘

One approach to overcoming drug resistance is the use of drug
“copolymers. These high molecular weight conjugates can be transported
via endocytosis to the endosome, where they are then cleaved to release
free drug. For DNA-targeting drugs, this could afford superior nuclear
access compared to import via diffusion as occurs with free drug. Further,
it restricts the gradient of export -of conjugate-released drug via
~membrane- localized drug efflux mechanisms that are clearly operant on
free drug. In vivo, other considerations may be even more relevant,
including distribution to tumor vs. normal tissue. High molecular weight
drug copolymers may, on the one hand, 1) restrict diffusion-controlled
uptake by normal tissues that occurs with free drug; but, on the other,
they may 2) enhance extravasation across the abnormal tumor
endothelium, thereby enhancing tumor localization .compared to free
drug. The paclitaxel copolymer employed in these studies, PGA-TXL, now
commercially named -“Xyotax”, has ‘shown both reduced toxicity and
greater tumor localization in animal models, thereby fulfilling two
expectations of copolymer behavior. To -date, it has also demonstrated
reduced toxicity and greater ease of administration compared to Taxol in
the clinic, and has shown activity in patients with Taxol-refractory
tumors. In this proposal, we will establish the toxicity, pharmacokinetics
and anti-tumor efficacy of this Taxol copolymer in human breast
adenocarcinoma models in. nude mice; these models of P-gp- and HER-
2/neu-mediated resistance will test the potency of the copolymer against
resistance’ mechanisms that are operant against Taxol itself. ‘




BODY

Task 1 Mechanistic Studies: Effects on Cell Cycle Drstrlbutron/Apoptosrs
and RAF-1 Kinase Activation

a) Conduct cell-cycle (PI stalnrng) and apoptosis assays (TUNEL and
hypodiploidy) on = human breast adenocarcinoma cell lines (P-gp and-
HER-2/neu models) to be used in Task 4 to establish responses to Taxol
and PGA-TXL in vivo- _ : -

b) Using these cell lines and the doses estabhshed as relevant. to
previous endpoints, determine role of Raf-1 kinase pathway in these
responses o L

These studies are currently underway with human HER- 2/neu over-
expressing MDA-MB- 361 breast adenocarcrnoma cells

e a) In initial studies with “another apoptosis- inducing agent, dimethyl- .
sphingosine, we have observed that MDA-MB-361 cells rapidly, dose-
dependently and progressively acquire PI-posrt1v1ty, as well as positivity *
using the CaspaTag flow cytometric assay for pan-caspase activation. The
CaspaTag-positive/PI-negative  population increased by as much as ~30- -
fold compared to untreated controls, whereas the PI-positive population
increased ~4-5-fold. Curiously, the increase in the CaspaTag-positive
population appeared to initially lag behind that‘ of ‘the PI-positive
population. . '

. We anticipate similar ‘patterns wrth regard to development of PI-
staining and CaspaTag-staining following treatment with Taxol and PGA-
b) We have first undertaken these studies in a human ovarian
carcinoma cell line, NMP-1, and are now conducting counterpart studies
in MDA-MB-361 cells. ' B
We have observed that the response to - Taxol in NMP-1 - cells is

. concentration- and time-depéndent: ‘5 nM Taxol has minimal effects on
cell cycle distribution at 24 hr, although it somewhat increases the
hypodiploid population; this progresses to a robust G2/M block by 48 hr.
At 25 nM, Taxol causes dramatic increases in the hypod1p101d populatron
as well as G2/M arrest, already by 24 hr. ]

The benzoquinone ansamycin, geldanamycin, which binds to the ATPV

~binding pocket of HSP90, thereby inducing the degradation of proteins -~

chaperoned by this HSP, has minimal effects on the cell cycle distribution
of NMP-1 cells by itself, although it quenches S-phase cells at both 24 and
48 hr. When combined with 5 nM Taxol, it also appeared to quench the S-




~ phase population, without reducing the hypodiploid fraction induced by
- Taxol at 24 hr. When combined with 25 nM Taxol, geldanamycin
markedly suppressed the development of hypodiploid cells incuded by
- this concentration of Taxol, indicating the ‘requirement for HSP90-
chaperoned proteins in the apoptotic response to Taxol. Studies by Torres
and Horwitz (2) in a human lung carcinoma cell line have underscored a
role for Raf-1 kinase in Taxol-induced  apoptosis in this model; we will
pursue this aspect in MDA- MB 361 cells should their response m1rror this
_ pattern.

We have also exammed the CaspaTag response of NMP-1 cells to Taxol
At 4 hr, there was a ~50% increase in the CaspaTag-positive/PI-negative
population . in response to 5 nM Taxol, with minimal increases in PI-.
positive cells observed at this time; by 20-24 hr, there was a four-fold
increase in the former population, and a ~60% increase in the latter (PI-
positive) populatlon ~These. results are consistent with induction of - the
caspase cascade precedlng the development of hypod1p101dy Similar
studies are underway in MDA-MB-361 cells. : ‘ »

Task 2 Pharmacokinetics: Cellular and IP Administration »
Establish parameters of cellular uptake and fate of paclitaxel and
PGA-TXL, using compounds *H-labeled in paclitaxel moiety or in PGA
backbone; determine extent and site of PGA-TXL esterolysis to paclitaxel
- Establish pharmacokinetic ‘parameters for peritoneal clearance of .
paclitaxel and PGA-TXL following i.p. administration; determine
parameters for resultant plasma levels compared to i.v. administration;
~ determine extent and site of PGA-TXL esterolysis to paclitaxel

Studies related to this task have not yet been initiated. ‘

Task 3 Toxicity Studies: Single- and Multiple-Dose IP and IV MTDs
: - Determine single—dose iv. and i.p. MTD for PGA-TXL in nude mice

Task 4 Efficacy Studies: Her-2/neu- and P- gp -Mediated MDR Models
-HER-2/neu-mediated MDR .

Establish tumor responses and effects on survwal of Taxol or
PGA-TXL administered at single- or multiple-dose MTDs to nude mouse
models of HER-2/neu high and basal expressing human breast
adenocarcinomas

Initial activities relevant to these two Tasks were presented in the -
previous annual report; new studies pertinent to Task 4 are presented




below The 1ntent of the current study was to compare the anti- tumor
efficacy of Taxol vs.. PGA- TXL in the MDA MB- 361 model

Poly(L—glutamlc ’ ac1d)-pacl1taxel” (PGA-TXL) ‘was- ‘prepared by
. carbodiimide-mediated coupling of paclitaxel and poly(L-glutamic acid).
- Formulations of the final product contained ~20% paclitaxel (w/w), w1th a
PGA backbone of ~30- 40 k Da ' : :

MDA-MB-361 human breast adenocarcinoma cells were obtained from
the ATCC and were cultured exactly according to the ATCC-defined
conditions and using their specific recommended serum. The cells were
maintained in Liebowitz L-15 medium in the absence of CO,. This allowed
retention of original cellular morphology and growth pattern in vitro,
albeit with a long doubling time (~7 days). Cells were finally trypsinized -
and adjusted to an inoculum cell number of 4-6 X 10° viable cells. :

MDA-MB-361 cells - were implanted under asceptic conditions in the
mammary fat pad of 5-8 week old female nude mice. When tumor -
volumes reached a group average of ~20 mm? (Day 28 post-implantation;
see below), one group of inoculated mice was treated with PGA-TXL. The
formulation was injected i.p. in 100-200 microliters volume of PBS. A
single dose level of 180 mg/kg was administered one time only. Two other
groups received a multiple-dose regimen of either 5 or 10 mg/kg Taxol,
near the MTD, and also administered i.p. Controls were given saline.
Tumor outgrowth was evaluated by caliper measurement of perpendicular
tumor diameters in treated and control groups. Animals with regressing
tumors, in either control or treatment groups, were excluded from further
~ evaluation; this severe censoring eliminated any concern that the
spontaneous regressions occasionally  observed in controls would be
favorably. and inadvertently factored into the responses to treatment. The
group-averaged volume of these. tumors, calculated as length x width x
width/2, was normalized to the starting volume (at time of first -
treatment) and plotted vs. the day of measurement, through Day 63 post-
implantation (35 days post- treatment _initiation).

Control tumor volumes increased 5.89 +/- 0.43 -fold (mean +/- SEM).' |

over this 35 day interval. Treatment with PGA-TXL was highly efficacious:
‘the increase in tumor volumes in this group (11 mice) was only 2.96 +/-
0.31 -fold during the same time period (p =. 0.0006 compared to controls;

~unpaired t-test). In contrast, the two - Taxol-treated groups failed to

demonstrate significant responses: tumor volumes increased 6.06 +/- 0.25
—fold (p = 0.74) and 4.29 +/- 0.61 -fold (p = 0.101) for the 5 and 10
-mg/kg groups, respectively. However, their responses differed from each’




‘other (p = 0.036) and the higher dose group nominally failed to be
distinguishable (p = 0.056) from the PGA-TXL group. Therefore, and in
the absence of evidence for toxicity with the 10 mg/kg dose level, in a

future experiment to be conducted during the un-funded extension year, -
we will assess the response of the 361 model to a h1gher Taxol dose, likely

15 mg/kg ’ :

KEY RESEARCH ACCOMPLISHIV[ENT S

» The key results from- thlS study indicate that even smgle -dose PGA-TXL =
is active against MDA-MB-361, an orthotopically-implanted human Her-
2/neu over-expressing breast tumor model. Of note, this model appeared
h1ghly res1stant to a muluple -dose reglmen of Taxol. ’

REPORTABLE OUTCOMES

Three abstracts/presentations have ar1sen from this. work since the
commencement of the grant, and following verification and extension to a
higher dose level of Taxol in the MDA MB-361 model, we will prepare a
manuscr1pt o ’

l)The following abstract was submitted and accepted to the 6® US-Japan
Symposium on Drug Delivery Systems, held in December, 2001 in Maui, -
‘HI. It was presented as a poster as well as bemg selected for presentatlon
in a workshop '

' PACLITAXEL COPOLYMER TO ADDRESS TAXOL RESISTANCE »
- J. Klostergaard, E. Auzenne C. L1,NJ Donato M. Khodadadlan D. Farquhar, andY Zou ‘

The Un1vers1ty of Texas M.D. Anderson Cancer Center
Houston, Texas 77030 . USA :
We have evaluated a paclitaxel- poly(L Glu) copolymer in human
tumor/nude mouse orthotopic xenograft models which either
reflect resistance to Taxol (HEY/ovarian) or over-express HER-
2/neu (MDA-361/breast). Early treatment (Day 2 HEY) with MTD
Taxol achieved some improvement in - survival, but was. not
curative. However, treatment with copolymer markedly improved
survival and some apparent cures were observed. The higher tumor
burden at. Day. 7 rendered this model resistant to MTD Taxol, but
still responsive to copolymer. Similarly, early treatment (Day

7) of the 361 breast model with paclitaxel copolymer resulted in - =

substantial tumor growth delay, regression, or even apparent
~cure. When administered later, the copolymer still caused tumor
growth delay, but no ‘cures were observed. We conclude that




- ‘formulation of paclitaxel with this poly(L-Glu) backbone
: substantially enhanced its potency,_ and rendered it active in
two highly drug-resistant models. Supported in part by DOD
grants BC980420, BC991113 and 0C000036 (JK) :




-  2) The following abstract was presented as a poster at the’ Era of Hope
Meeting, sponsored by the DOD Breast Cancer Research Program in
Orlando, FL, September 25th-28th, 2002. '

LIPOSOMAL’-DIMETHYL-SPHINGOSINE AN D PACLITAXEL COPOLYMER ARE
ACTIVE AGAINST HER-2/NEU OVER-EXPRESSING HUMAN BREAST
ADENOCARCIN OMA ORTHOTOPIC XEN OGRAFT MODEL '

Jim Klostergaard PhD Edmond Auzenne MS C.Li, Ph.D.,
‘M. Khodadadian, B.S., David Farquhar, Ph.D. and Yiyu Zou, Ph.D.

The University of Texas
M.D. Anderson Cancer Center
- Houston, TX 77339

E-mail: jkloster@mdanderson.org

'Over-expression of HER-2/neu has been linked to poorer prognosis and survival in
breast cancer patients. The basis for this association likely includes therapeutic
resistance, including resistance to Taxol (paclitaxel), widely used in many
" chemotherapeutic regimens for this disease. We have recently observed that certain -

‘ sphingolipids either as free lipids or as constituents of liposomes, induce apoptosis -

in vitro in tumor cells despite the over-expression of Her-2/neu. Further, we have
reported that a pachtaxel copolymer, paclitaxel-poly(L- glutamrc acrd) (PGA- TXL)
is active against Taxol resistant tumors in vivo.

We therefore evaluated liposomal dirnethyl sphingosine (L-DMSP) and PGA-TXL
in a human HER-2/neu over-expressing breast adenocarcinoma . (MDA- 361)
orthotopic xenograft model. Tumor cells (4-6 X 10°) were implanted in the
mammary fat pad of 5-8 week old female nude mice. Mice were treated i.p. either
one—week later or when turnors grew to 5-6 mm drameter

Early treatment with a multiple—dose regimen of L-DMSP (4.5 mg DMSP per dose;
20 mole percent of a small unilamellar vesicle formulation), caused a delay in or
reduced subsequent tumor growth, but was not curative. However, early treatment -
‘with a single-dose of PGA-TXL (180 mg/kg paclitaxel equivalents), also one week
after tumor implantation, resulted in substantial tumor growth delay, regression, or
even apparent cure in two of four mice (control tumor areas at 10 weeks post-
implant = 44 + 21.2 mm? ; treated group areas = 6 £ 6.0 mm?). When administered
at the later timepoint to another group of animals, PGA-TXL still caused tumor

10




growth delay,‘ }bu‘t no cures were observed (treated grouvp' areas = 24 * 15.3 mm2)§
nor did administration of L-DMSp at this time appear to be efficacious. -

‘We conclude that DMSP as a lipOsdmal formulation has some efficacy against this =~ -

 HER-2/neu over-expressing model when the tumor burden is low. Formulation of
paclitaxel with the poly(L- glutamic acid) backbone substantially reduced its

toxicity, enhanced its potency, and rendered it active ‘against this HER 2/neu over- . -

expressing breast adenocarcinoma model.

Supported by U.S. Army Medlcal Research and Material Command under i

- DAMDI17- 99 1 9265 and DAMD17-00-1-0313.
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3) The following abstract, submitted online, was abcépted for presentation .
as a poster at the AACR/EORTC Meetmg to be held in Frankfurt Germany g
on November 19-23, 2002 ' : | o

Therapeut1c r_esm_tance to Taxol is a major issue in a number of cancers,
particularly breast ‘and ovarian carcinoma. This resistance is
multifactorial, including P-gpl170-linked MDR and over-expression of HER-
2/neu.” We evaluated the efficacy of a paclitaxel-poly(L-Glu) K copolymer
(PGA-TXL) in a human ovarian carcinoma orthotopic xenograft model
which reflects resistance to Taxol (HEY); we also evaluated PGA-TXL as
well as a liposomal (SUV) formulation of dimethyl-sphingosine (L-DMSP;
- which induces apoptosis in a broad spectrum of tumor cell lines in vitro)
in an orthotopic human breast adenocarcinoma model that over-expresses
HER-2/neu (MDA-361). In the ovarian model, early treatment (Day 2 post-
implantation)  with multiple-dose  MTD Taxol (10 mg/kg) i.p. achieved
slight improvement ,ivn’ survival, but  was not curative. However, treatment

with a single dose (180 mg/kg, ‘paclitaxel equivalents) of PGA-TXL i.p.
markedly  improved survival and induced some -apparent cures. The

~ higher tumor burden present on Day 7 rendered this model resistant to .

MTD Taxol administration at this time, but still responsive to PGA-TXL.
For the breast model, treatment on Day 7, before tumors were palpable,
with  PGA-TXL resulted in subsequent tumor growth delay, regression, or
~ even apparent cure. Treatment at: this time with a multiple-dose regimen -
of L-DMSP (4.5 mg DMSP/dose) i.p., caused a delay in or reduced -
subsequent tumor growth, but was not curative.  When administered later
after tumors grew to 5-6 mm diameter, PGA-TXL still caused tumor growth
delay, but no cures were observed; administration of L-DMSP at this later
time was not efficacious We conclude that formulation of paclitaxel with
this poly(L-Glu) backbone substantially enhanced its potency, “and
rendered it active in drug- resistant ovarian - and breast models. Further,
we conclude that DMSP as a liposomal formulation has some efficacy
against this HER-2/neu over-expressing breast model: however, only when
the tumor burden is low. (Supported in part by DOD grants BC980420,
BC991113 and OC000036 to JK) o

)
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~ CONCLUSIONS

HER-2/neu over-expression .in breast cancer portends an aggressive
clinical course and greater resistance to certain - therapeutic regimens,

including those involving taxanes. Although the advent of Herceptin has
brought new opportunities for more effective .and targeted therapy for

women with this marker, other approaches must also be exploited. The
- use of a drug copolymer strategy for paclitaxel (Taxol) based on a poly(L-
- glutamic acid; PGA) backbone has proven in pre-clinical and  clinical

studies to reduce the toxicity of paclitaxel. Importantly, . activity of PGA-
TXL in Taxol-resistance settings has been observed, as well.

The key inference: our pre-clinical studies suggest that among the

patients who could be considered for ‘trials with PGA-TXL are those with

- tumors over- expressmg HER 2/neu and refractory to conventional
taxanes. : g ‘ o :
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: ABSTRACT |

Over- express1on of HER 2/neu has been linked to poorer prognosrs and reduced survrval i SR

- breast cancer patients The basrs for thlS assoc1ation, although poss1bly multi—factorial likely'” o

: 1 includes therapeutrc re51stance We evaluated a novel pachtaxel copolymer PGA TXL in a o

- human HER-Z/neu over—expressmg ;b_reast _ adenocarcinoma (MDA-MB—361). orthotopic : - o

_Xenograft‘ model. Bo_th Taxol and PGA-TXL were cytotoxic to MDA-MB-361 _cells in vitfo, with '
| Taxol-being more potent. These cells respondedto' Taxol treatmentby rapidly activating

5 icaspases and becorrung permeable to propidium iodide; however Taxol treatment d1d not result,

 inHER- 2/neu down regulation MDA-MB 361 cells were 1mplanted in the mammary fat pad of o

5-8 week old female nude mice; mice were treated 1ntraper1toneally either one—week later or

when tumors grew to 4- 6 mm diameter Treatment w1th a smgle dose of PGA-TXL (180 mg/kg i

pachtaxel equivalents) one week after tumor 1mplantat10n resulted in substantia] tumor growth "
o delay, regressron or even apparent cure. Administration at the later t1me pomt also caused'v:'
y srgnificant tumor growth delay, but no cures were observed Under these treatment conditions for

"established tumors the MDA 361 model was highly res1stant to a multiple dose regimen of '

“ :Taxol at up to 10 mg/kg, qd7 X 3 We concluded that formulation of paclitaxel wrth the PGA -

backbone substantially reduced the tox1crty and enhanced the potency of pachtaxel and rendered" e

it more active than Taxol against this HER-2/neu over-expressmg breast adenocarcmoma model. :




INTRODUCTION
' Most breast cancer treatment strategies depend on surgical ‘intervention for debulking o
- primary lesrons eradrcatmg estabhshed nodal and when possrble metastatlc drsease 1n_

combmatron w1th radlat1on and chemotherapy Among the avarlable chemotherapeutlc agents

" Taxol, the clrnrcal formulatron of paclrtaxel has emerged as a chnrcally valuable'b-._f' o

| -chemotherapeutrc agent used erther alone or in druo combmatrons Improved surv1va1 and
_ vdrsease-free intervals have been achreved w1th Taxol reglmens

Nevertheless multrfactorlal mechamsms of Tax-ol resistance have been demonstrated m_
~_ numerous laboratory and chmcal studies, 1nclud1ng over—expressmn of HER—2/neu (1A-4) Drug' |
resrstance may in part be lmked to constltutrve HER- 2/neu medrated activation of Akt 1nduced_ :

 anti- apoptotic/pro- survrval mechamsms (5- 11) Several recent clrnrcal tr1als have suggested that'

' dose-mtensrfrcatron W1th Taxol to overcome resrstance may be a srtuatlon of drrmnrshrng returns e

| .(12 .14) In two randorruzed breast cancer clrmcal trials, escalatmg doses of Taxol from .135 to-'

175 mg/m* (13) or 175 to 250 me/m’ (14) usmg 3 hr 1nfusron schedules farled to demonstrate :
- marked 1mprovement in drsease response or . survrval desprte 1ncurr1ng severe sensory?:_'»"‘
;neuroto>r1crty and myelosuppressron Therefore ‘1t 1s 1mportant to develop new agents andt )
: approaches that might address Taxol-resrstance; |
One approach under development for overcommg drug res1stance 1nvolves macromolecular o
-polymerrc conJugates of chemotherapeutrc agents Macromolecular drugs are 1nternalrzedl by
.endocytosrs whxch results in their accumulatron m the perlnuclear lysosomes. Such drug’ :

| -copolymers may be more advantageous than free drugs since free drugs readrly extravasate ‘to‘

normal tissues, ‘whereas drug copolymers do not because of therr Jarge size. However these

copolymers can still traverse the leaky, 1rregular‘vasculature of sohd tumors, allowing superror‘




. tumor localization and less toxicity than with free drugs. These results are predictablebec’ause of -

the so-called “enhancedvpermeability and retention (EPVR)-mechanism” (15-18).

Pachtaxel has been formulated asa water-soluble copolymer conJugate us1ng a poly L-' SR

: glutarmc ac1d backbone (PGA-TXL 19) Characterlzatlon of PGA TXL has revealed remarkable‘

in vzvo propertles in several tumor models mcludmg reduced toxrcrty, greater tumor locah»zatron e
and superlor antrtumor effrcacy compared to Taxol 1nclud1ng cures. 1n Taxol- re51stantturnor-' o |
models (19-23) Encouraged by such pre—chmcal data cl1mca1 tr1als were 1n1t1ated a few years'
ago with the chmcal formulatlon of PGA TXL XYOTAXTM 1nclud1ng ongomg phase II and IH
tr1als | o | - | L |
In the MDA-MB -435Lung?2 Xenograft model derived from HER-2/neu-low-expressing human .

breast adenocarcrnoma Li and coworkers demonstrated the supenor antr-tumor efﬁcacy of PGA- E

TXL over Taxol (19). In a later m vitro study of the HER-Z/neu-over-expressmg MDA— -453)‘ _ -

: human breast adenocarcmoma model,. Oldham et al. (24) observed that both PGA TXL and S

. Taxol down regulated HZER—Z/neu expressron However they found that contrary to the expected

' correlatron of Taxol re51stance with HER-2/neu over—express1on the HER 2/neu low—expressmg

‘MCF—7 cells were more resrstant to the drugs than were the I-IER—Z/neu overexpressmg MDA- S e

‘MB-453 cells In the 453 cells both drugs down regulated HER 2/neu expressron and th1s

down regulatlon may have allowed apoptosis to proceed However, in that study, the tumor was R

exposed contlnuously to h1_gh (1 uM) drug concentratlons that were well above chnlcally
relevant levels (25-29).,Thubs, the‘significance of thls_ down;regulation to 'an‘apoptotic out_come _
‘remains unclear. o | | o “ ., |
To date, no study has evaluated the efficacy of PGA—TXL in _aipreclini_cal model of FHER- _'
2/neu-overexpressing human breast adenocarcinoma. Theref‘or‘e,v'in our Study, we used. a '

- xenograft model of an established HER-2/neu over-expresSing human breast adenocarcinoma_,’




. MDA MB 361, to compare the a.ntrtumor efﬁcacy of PGA TXL and Taxol We also 1nvest1gated

whether HER 2/neu down regulatron by pachtaxel a p0551b1e mechamsrn for overcommg HER-

2/neu-med1ated drug re31stance would occur when pharmacologrcally relevant druc7 doses were .

- given.. -




'MATERIALS & METHODS
 CellLine

| The MDA--MB'—361 cell line, a HERQZ/neu--overexpressing human breast adenocart;in'oma g

was obtamed from ATCC (Manassas VA catalogue # HTB 27) and was mamtamed accordmg s

to the1r recommendatlons in Lelbovrtz s L 15 Medlum supplemented w1th 10% fetal bovme:._‘_»‘r
B} serum (A'l“CC) under COz-free condttrons The doublmg tlme under these condrtlons was 5- 7- | ‘_
| days. Any deviat.ron from these condrt‘rons,b partlcularly ’1ntroduction of COZ, resulted rn altere_d
cellular morphology.or eyen loss of viability. | - ‘ | B

Cytotoxicity Assay

Subconfluent monolayers of MDA-MB-361 tumorlcells‘were established in wells of 96-well '

plates After overmght mcubatlon cells . were exposed to a range of concentrat1ons up to 500 -

ng/ml of Taxol (Brrstol Myers Squrbb) or PGA TXL (paclrtaxel equlvalents) After further': -

L 1ncubat10n for up to 120 hr the cells were stamed w1th MTT or neutral red After solubrhzmg‘

i_mcorporated dye the absorbance at 570 or 540 nm, respectrvely, was deterrmned Surv1val was

- 'calculated as the absorbance in wells of treated cells normahzed to controls

| :Flow Assay

Caspase actrvrty in the MDA MB- 361 cells was determmed usmg the flow cytometryv

CaspaTag actrvrty kit (Intergen Purchase NY) based on a ﬂuorescern labeled caspase 1nh1b1tor ’
that is cell—permeable and covalently b1nds only active caspases Brleﬂy descrrbed MDA-MB-’ - | f
361 cells were treated w1th a Taxol concentratron of up to 25 nM for 24 hr Then the cells were ‘_ .
| - washed and resuspended in warmed complete RPMI supplemented w1th the fluorochrome—
peptlde fmk CaspaTag reagent and propldrum iodide for 1hat 37°C Cells were washed twice, -

7 vresuspended in f1xmg buffer, and analyzed 1rnmed1ately by flow cytometry




_’ Irnmunoblottmg
- The ant1 human HER 2/neu mouse monoclonal ant1body, clone 3B5 1sotype IgGl was. )

bobtalned from Oncogene Research Products (San Dlego CA) It was prepared by mouse o

: '1mmumzat1on agamst a 14 arruno acrd peptlde sequence (TAENPEYLGLDVPV) in the carboxyl R

domain of the human c-neu gene product
An aff1n1ty purrfred sheep anti- mouse IgG whole antlbody preparatlon conJugated to_" .
horseradish peroxrdase for ECL was. obtarned from Amersham Pharmacra Brotech Inc

»(P_lscat.away, NJ). Broad range (6.5-175_.kDa) prestained protern mark_ers for u_se_m_ gels and :

 biotinylated protein. detections markers (6.55165 kDa) for Western blotting were from Cell .

Srgnahng Technology
Lysates of MDA-MB-361 cells (l 5 3. O X lO6 cells plated ina 10 cm drsh on Day O) Wthh

 were cultured wrthout treatment (controls) or followmg treatrnent w1th Taxol (30 300 nM) for up. g

to 48 hr were prepared by frrst collectlng detached cells by decantlng, washmg the tlSSUC culture - | S

‘kplates w1th PBS lysmg the attached cells w1th lysrs buffer (20% SDS O 5 M Tl'lS Phosphate -
; lO% _glycerol,- 2 ul/ml PMSF 3 ul/ml Protea_se cocktarl (0.67 M EDTA, 3_33{ uM ‘pepstatrn, ‘333" -

: uM leupeptin) ’and.cen:trifugation of ’a‘ll"cornbi‘ned lysates Protei.n.;assay;\yas 'pe‘rf'orrned by ."-

' Bradford rmcroassay Equal protem loads (25 or 50 ug) were placed in wells of gels pnor to:._-'»

 electrophoresis and subsequent transfer ‘and 1mmunoblott1ng usrng Advanced ECL technlque krt, |

(Amersham Bloscrences Cat# RPN 2135) with pnmary ant1 HER 2/neu antrbody (C Neu cat # o

1'OP15 lOOuG Oncogene) at a 1 5000 drlutlon and a secondary antrbody (sheep ant1 mouse Ig’ o

linked to horseradrsh perox1dase (Amersham Brosrcences)




: . PGA-TXL Svnthesm

PGA TXL was prepared by carbodurmde medrated couphng of pachtaxel and poly(L-_ o

glutamic. acrd) accordmg to prevrous techmques (22 23) Formulatrons of the frnal product S

- contamed ~20% pachtaxel (w/w), wrth a PGA backbone of 30—40 k Da

_ JOrthotomc Xeno,qraft model

MDA 361 human breast adenocarcmoma cells (4 -6 X lO ) were 1mplanted in the mammary S

B fat pad of 5 8 week old female nude mice. Mlce were treated 1ntraper1toneally wrth e1ther a
.multlple—dose reglmen of Taxol (5orl10 mg/kg) qd7 X 3 ora srngle dose of PGA TXL (180
mg/kg, paclitaxel equlvalents) begrnmng e1ther one-week after tumor 1mplantatlon or- when B
tumors grew to 4-6 mm drameter The tumor d1ameters were measured by cahper untll e1ther a
tumor dlameter reached 1. 5 cm, ‘or the host presented w1th morrbund symptoms and requlred )
' host sacnﬁce The diameter measurements were used to calculate area (l X w) or volume (l x w x‘b
w A 2) Raw drameter or volume values‘were used dlrectly or were normahzed to the startlng -
. l,vvalues for each group. | e | | | )

. Statistics -

Selected statlstrcal analyses of the data were done by analysrs of varrance (ANOVA L

Statvrew 4 Ol Abacus Concepts Inc Berkeley, CA) and post- hoc testmg by Flsher s protected .
- least 51gn1f1cant drfference (F1shers PLSD Statv1ew 4, 01) at p—O 05 The reported data was

based on entermg 4 to 12 mice per treatment group




RESULTS ;

. Sen51t1v1tv of MDA MB 361 cells to Taxol and PGA TXL in vttro o
. To estabhsh the in vztro sen51t1v1ty of the MDA-MB 361 cell 11ne to pachtaxel and PGA-":'

TXL tumor cells were exposed to up to 500 ng/ml (586 nM) of Taxol or PGA—T XL (pachtaxel e

,equlvalents) After 1ncubat1on for 120 hr of contmuous drug exposure cell surv1va1 was

“determined and i _15 ‘shown 1_n Flgure 1. _T_a;tol ach1eved_an IC50 at ~ 35 nM at thrs‘ tnne pv01nt,v
| _whereas even‘;the highes‘t cOncentratiFOn of PGA;TXL (586 nM) d1d not ac‘hieve an ICSO";' the
»response to PGA—TXL reached a plateau of ~60- 70% surv1val w1th a concentratlon of 125- 500 ., :
ng/ml (147-586 nM) | | | |

This behavior suggested a reduced or more protracted response of MDA MB 361 cells to the
| _paclitaxe] prodrug than w1th free paclltaxel 1tself as mlght be expected in hght of the. "
" .1nternahzat1on and actlvatlon steps for the former' ’further th1s effect of PGA—TXL is consxstent‘r

- .thh rmmmal extracellular cleavage of the prodrug to free pacl1taxel in contrast to prev1ousr B

o studles (24)

' Flow Assays for Caspase Act1vat10n and Cell Death of MDA MB 361 cells by Taxol Treatment\f > l_

" invitro

~

Caspase activity induced in the MDA-MB-361V‘ cell line in response- to 24 hr treatment vt/ith o
up to 25 nM Taxol was determmed by the CaspaTag assay and the results are shown in Table

Taxol mduced concentratlon dependent increases in both Caspase(+) and PI(+) cells. The h1ghest

concentratlon 25 nM) caused an approx1mately two- fold mcrease in Caspase(+) cells both those' "m

that were SUH PI( -) (54% vs. 2 8%) and in total Caspase(+) cells (7 l% vs. 3. 6%) The i mcrease o

in the total number of PI(+) cells w1th th1s Taxol concentration and at this tlme pomt was about

five-fold (13.7% vs. 2.8%).




This -result'suggested that 'the_ mechanism of »Taxbl-rnedi'ate_d cell death paralleledearly |
- caspase activatron in these cells

’ _Regulatlon of HER-Z/neu Exp_ressron in MDA MB 361 cells by Paclitaxel invitro -

Prevrous studres w1th the HER 2/neu over expressmg human breast adenocarcmoma cell 5

line, MDA—MB 453 (24) 1nd1cated that both pachtaxel and PGA TXL treatrnents down- L

, _regulated HER-Z/neu express10n as a possrble mechanrsm for overcormng Her 2/neu rnediated P

resistance. We determmed whether the MDA MB 361 cell line responded ina srmrlar fashron
Lysates of MDA- MB 361 cells that had been cultured for 24 or 48 hr w1thout treatmentv:,»: l
(controls) or w1th Taxol (30 300 nM) the low range of whrch had been prevrously shown to

_.vrnduce signifiant cell death' even in 24 hr (Table 1), were prepared. T_he results of ’

immunoblotting with anti-IlER;Z/neu antibody following electrophoreSis’and subsequent t_ransfer " _‘ )

are shown in Figure 2.

There was no detectable decrease in the 1ntens1ty of the HER 2/neu expressron in cells that A .

had been treated w1th as hrgh as. 300 nM paclitaxel for 24 hr (lanes 1- 3) or 48 hr (lanes 5- 7)' SRR

’compared to untreated controls (lane 4) Thus paclitaxel 1nduced decreases in HER 2/neu],yf -

" expression did not_ precede cell death i »m yztro in this model.

~

Anti-.Turnor’ Activity of Taxol and PGA—TXL Against MDAQMB;36'1 Orthotopic Xenograft .
,Model

MDA-MB 361 cells Were 1mplanted orthotopically in nude mice. In a pilot study to'_._fl‘ ._

- determine the efficacy of PGA TXL agamst nascent versus estabhshed tumors, early treatment ‘ o ’

wrth a s1ngle dose of PGA TXL (180 mg/kg paclrtaxel equivalents) one week after tumor
. 1rnplantation caused substantlal tumor growth 1nh1b1t10n and two of four mice were apparently
- cured (_Figure 3). At the terrrunanon »of the experiment on -Day_lO7 post—rmplantation, the

~ difference between tumor areas of control and treated mice was significant ’v(p. = '_0.021-).' The




| tumor growth curve followmg thrs s1ngle PGA—TXL treatment was prrmarrly suggestlve of stasrs s
w1th antr-tumor effects evrdent for as long as ~4O days after thrs treatment Only shght further_ -
| growth occurred in the next 30 days reﬂectmg a much slower growth rate than for controls

When PGA TXL was 1nstead adm1n1stered at the later tlmepornt (average tumor dlameters,' :

' ,7,,4 5 mm) treatment w1th PGA TXL was st1ll efﬁcac1ous agalnst the hrgher tumor burden but'_, e

~less S0 than w1th early treatment Partly due to the small sample size in thrs pllot study, the’
response failed to achreve 51gn1frcance (p= O 119) The tumor growth curve followrng th1s srngle' "
treatment was agam suggestrve of stasis at the 1n1t1al tumor volume suggestmg a raprd onset of v'
PGA TXL- med1ated effects, w1th these effects evrdent for as long as ~3O days after thlS single .

treatment (Flgure 3) Further growth occurred in the next 40 days more aggressrvely than

o kobserved when tumors were treated early, but strll somewhat slower than for controls

The absence of tumors observed in some of the rmce in the early treatment group of thrs pllot' i S

- study was 1ntr1gu1ng However we have observed that the frequency of tumor outgrowth after T

B ’.'orthotoprc 1mplantat10n of MDA-MB 361 cells is at most ~85 90% thus the lack of turnork’ .

o ’outgrowth rn these treated mice could have been anomalous a_nd s1mply due to an_expected :

- outgrowth failure rate. Further, in this model, some ‘tumors that had initially grown’ to‘2—3 mm

~

diameter by 5-6 weeks spontaneously regressed. Therefore, in more definitive studies focused on o

" the treatment of established MDA-MB-361 tumors,: two conditions were met; -treatrnent‘was "

~ withheld until tumor diameters were at least 4-6 millimeters diameter, the point after which - -

:.spontaneous _re:gr_ession 1s almost never-observed;" 'fu'rt_her,.the group srze of the PGA-TXI_L .v

treatment arm was.increased to 11 evaluated mice. The'three treatm.ent.-groups. included Taxol_; | =
- administered lntraperitoneally at .ei-ther 5 or 10 mg/kg, qd7 x 3, or PGA-TXL,} adrrunistered ina
single intraperito‘neal ,injection at 180 mg/kg (paclitaxel equiv‘alents). Tbhe tumor volume data

normalized to startingvalues for this _experiment are shown in Figure 4. o




' Control tumor volumes increased ~6. 2-fold over this six week period"of observation.' The

’ volumes for the lower dose (5 mg/kg) Taxol group mcreased ~6.5- fold in the same perrod (p _. B

L .0 74 vs. control p < 0 001 vS. PGA TXL) reflectmg tumor resrstance to th1s dose and schedule ‘ " S

_ The hrgher dose (10 mg/kg) Taxol group d1splayed a lower mcrease in tumor volume ~3 9 fold: h '5 |

-’(p O 1vs. control p 0. 35 Vs. lower dose Taxol group) suggestrng margmal act1v1ty Of note “ |
the tumor growth curve for th1s Taxol group only plateaued and departed from the control curve

well after the third 1nJect10n of this _reglmen, suggestmg the benefit of the multrple—dose N

. schedule. Fmally, the PGA—TXL group drsplayed a volume mcrease of only ~3.0- fold by the end

» of thrs observatron perrod = 0 0006 vs. control p = 0.06 vs. hlgh dose Taxol group) Possrblyj "

due to the somewhat larger tumors treated in thrs study compared to the late treatment group of

v _the prlot study, no stasis at the 1n1t1al tumor volume was observed: rather only a slower growth o

- rate than for the controls Thus in thls model a smgle treatment w1th PGA- TXL was clearly

“more effrcac1ous than a multrple-dose regxmen of Taxol at elther 5 or 10 mg/kg, -although in '

contrast to the early treatment study (Flgure 3), w1th no apparent cures and wrth every

’ 1nd1v1dual mouse demonstratlng progressron




DIS CUSSION

The results in thlS study in the MDA MB 361 HER 2/neu over-expressmg human breast B

adenocarcmoma xenograft rnodel demonstrate the marked anti-tumor efficacy of adnnnistration-f’k":; e

I of even a s1ng1e 1nJection of PGA TXL whereas mult1ple-dose pear- MTD regimens of Taxol"’ Wl

" had either no or at best margmal effrcacy in this model We conclude that the formulation of _' |

‘ pachtaxel w1th the PGA backbone substantially reduced the tox1crty and enhanced the potency of |
- paclitaxel and rendered it more active than Taxol against this HER-2/neu- overexpressmg breast_
| adenocarcmoma model. These 'results prov1de the‘ first -prechnical evidence th_at _PGA-TXL':. -
:should possibly,be considered forclinical evaluation 1n t_.heb subpopula_ti'on' of‘brea‘s’,t cancer"‘
_patients that over-express HER—Z/neu ) | | ‘

Prewous pre climcal studles have evaluated PGA TXL in the orthotopic MDA MB— :

_435Lung2 xenograft model (20) Th1s study demonstrated that PGA- TXL had superlor ant1- R

" tumor act1v1ty compared to T axol against both the primary tumor and against pulmonary o
: ::,bmetastases Wthh are important observations However although the MDA MB—435 model is of
. _'lnterest as it reflects the me_tastatic nat_ure of »lhum_an br_east cancer,,it isa low expresser,of HER_ .
o 2/nevu, .so:that I-]ZERQZ/neu-rnediated resistance t:o:'paclitaxel _woul_d:not be bevident 1n this.' particular L

study.

In the current studles we d1d not evaluate the anti-tumor efficacy of multrple dose regnnens SR

of PGA-TXL, nor d1d we conduct any toxrcology experrments W1th regard to the former
curiously, prevrous studies us1ng multiple-dose regimens of PGA TXL w1th either loco reglonal

or systemic administration did not demonstrate marked 1mprovement 1n tumor response' L |

compared to smgle treatment (20 22) the basis for thlS counter—mtuitive result is uncertain but oo

further exploration of optimal scheduling may yet result n therapeutic gain, Wlth regard to_' e

toxrcology, in light of the advanced state of clinical evaluation of the clinical formulation of_ SO




PGA TXL (see below) we beheved that addltional pre cl1mcal tox1colog1cal evaluatlon in the

' context of our current studies would be of rmmmal sxgmﬁcance These chnical studies have‘ -

. revealed a similar profile of normal tissue toxicities for PGA-TXL compared to»Taxo.l' such as_,‘j: o

allergic responses neuropathies and trans1ent neutropema albe1t w1th a smgle agent MTD 2 ,,
30% higher than for Taxol

The Oldharn study evaluated the act1v1ty of pachtaxel and PGA TXL against HER/Zneu L

over-expressmg MDA- MB-453 cells in vitro (24) These mvestigators observed that these agents . - -

- were very s1rmlar to each other in the1r ab111ty to mduce G2/M arrest and apoptosrs in MCF 7 o

MDA-MB-435 or MDA MB 453 cells Further both agents caused down regulation of HER-' i
- 2/neu protem expression in HER 2/neu over—expressmg MDA-MB—453 cells in contrast to our .
~ current results w1th HER-2/neu over-expressmg MDA- MB 361 cells (Flgure 2) However these o

k 1nvest1gators used these drugs ata concentratlon of 1 uM for up to 48 hr of continuous treatrnent o

- veondmons unhkely to be achieved in vivo (25 29) SO the rea.l s1gn1flcance of thlS in vu‘ro down-‘ o

| _regulatlon is uncertam Further both pre chnical and cllmcal ev1dence 1nd1cates that HER-2/neu : L

-over-express1on portends a superzor response to taxane—based therapy than observed w1th —

| L patients w1thout HER- 2/neu amphfication (30 32) Interestmgly, this chmcal data appears to be"

,in conﬂict w1th other studles that have l1nked HER 2/neu over-expressron to tumor cell

‘ res1stance to ‘paclitaxel_ »(1-4). Alternatively, this discrepancy may sugg’est that therapeutic "

outcome depends on factor's other 'than solely the tumor cell sensitivity to. paclitaxel such as o

pachtaxel mediated effects on tumor vasculature (33 36) Indeed Taxol and particularly certain . -

hposomal formulations of paclitaxel have been reported to target turnor vaseulature (35)
- Since the clinical 1ntroduc_t10_n of Tratuzumab/Herceptm, efforts have been made to -
prospectively ratiOnalize 'and evaluate'the combination of this monoclonal antibody with

conventional- chemotherapeutic agents, including Taxol (37-44). In light of the deinonstrated :




L * clinical effrcacy of Herceptrn/Taxol combmatlon reglmens we propose that PGA-TXL should( o

“also be consrdered for evaluatron for anti- tumor effrcacy in combmatlon w1th Herceptln 1n1t1ally‘ o
_ ,. in pre- chmcal I-IER-Z/neu over-expressrng breast tumor models | |
XYOTAX™, the chmcal formulatlon of PGA TXL is currently in advanced phase II and »1’
phase III clinical evaluatlons in lung cancer and ovarlan cancer trrals (45—47) In summary, our ':‘
pre chmcal data suggest that evaluatlon of XYOTAXTM in the HER- 2/neu over- expressmg"‘-
- subpopulat1on of breast cancer patrents may also be warranted partlcularly in hght of the hlghly‘

aggressrve and resrstant dlsease associated w1th_ this over—expressron.
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N FIGURE LEGENDS .

' Flgure 1 Dose- response of MDA MB 361 cells to Taxol and PGA-TXL

’ MDA MB 361 cells were exposed to up to 500 ng/ml of Taxol or PGA-TXL (pachtaxel o

equ1valents) After 120 hr, cell survxval was determmed and normallzed to controls Taxol A

achieved an Icso of ~35 nM; in c}ontrast, PGA-TXL drd not achleve an ICSO, even at the hlghest .

concentrations.

Figure 2 . HER-Z/neu expression of MDA;MB-361 cells after Taxol treatment
Lysates of MDA MB 361 cells prev1ously cultured w1thout treatment (controls) or after .

treatment with Taxol (30 100, and 300 nM) for 24 or 48 hr were subJected to electrophoresrs and _

subsequent transfer and 1mmunoblott1ng usmg an anti- HER-Z/neu antrbody No alteratxon was :

o ev1dent in the 1ntens1ty of the HER 2/neu express1on in the cells that had been treated w1th 300

100 or 30 nM pachtaxel for 24 hr (lanes 1 2 and 3 respectrvely) or 48 hr (lanes 5 6 and 7 By fas

o respectlvely) compared with that in the controls (lane 4)

~

‘ | Flgure 3 Responses of MDA MB 361 model to early or late PGA TXL

MDA-MB- 361 cells were 1mplanted in the mammary fat pads of female nude mice that were

subsequently treated w1th a. smgle dose of PGA TXL (i.p-; 180 mg/kg, pachtaxel equ1valents)v_‘... :

B begmmng e1ther one week after tumor unplantatlon (early) or when the tumors grew to 4 5 mm -
in diameter (late). The tumor drameters were measured by cal1per and were used to calculate area
(1 x w). With the early treatment, jsubstantial tumor growth‘ inhibition was observed 1nclud1ng :

~even apparent cure in two of four mice. At Day 107 post-tmplantatron the difference between! g

the tumor areas of the controls and the treated mice was s1gn1ﬁcant (p O 021) W1th the late'




treatment PGA TXL was stlll shghtly efﬁcacrous agamst the hrgher tumor burden but the. |

. » response falled to achleve 51gn1ﬁcance (p-O 119)

Flgure 4 Responses of MDA MB 361 model to Taxol and PGA TXL
d Orthotoprc MDA MB 361 tumors were estabhshed as shown in Frgure 3. When the tumors had

~ grown to at least 4 6 mm in dlameter the mice were treated w1th erther a multlple -dose reg1men '
}of Taxol (5 or 10 mg/kg) qd7 X 3, adrmmstered ip., ora smgle dose of PGA TXL (180 mg/kg, .

| ipachtaxel equxvalents) also admmlstered 1.p. Tumor drameters were measured by cahper and L
used to calcula_te_ volumes (l, XWXW+2) that were thennormalrzed to the startmg values for
“-each group. The volumes for the: control grOup lncreas'ed ~6.2-fold over this si)r-week period of -
observation. The volumes 'f'or' the lower-dose Takol | group}increased'~‘6 5.-‘fold‘inv the same period: -
(p-— not srgmfrcant Vs. controls) whereas the hrgher dose Taxol group. drsplayed a ~3 9- fold |
3 increase in turnor volume (p—O 1 Vs. controls) The PGA—TXL group dlsplayed a volume mcrease

| of only ~3.0- fold (p—O 0006 vs. control)




TABLE I

Taxol Treatment of MDA-MB 361 Human Breast Adenocarcmoma Cells Induces Early ' RIS

Caspase Actlvatxon and Cell Death

Taxol P Casnase() P‘I(+).’ Caspase (+)  PI(-), Caspase () Total PI(+)/Caspase(+)
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